Abstract. In order to determine the effect of depleting circulating polymorphonuclear neutrophils (PMN's) on brain microcirculation and lesion size in an acute stroke model, Spontaneously Hypertensive Rats (SHR) were injected intraperitoneally with either 2ml RP-3 antineutrophil antibody followed in 4 hours by MCAO (n=5), 2ml saline followed in 4 hours by middle cerebral artery occlusion (MCAO) (n=6), or 2ml saline followed in 4 hours by sham operation (n=3). After 4 hours of ischemia or a 4 hour interval (sham-operated animals), microvascular perfusion was assessed by means of an intravascular fluorescent tracer technique: FITC-dextran and Evans blue were injected intravenously 10 seconds and 5 seconds, respectively, before decapitation. Lesion volume was calculated by interpolation from histologic sections cut from 8 predefined stereotactic levels. MCAO with the normal complement of neutrophils led to significant impairment of perfusion in nutrient vessels and a maximal ischemic lesion volume. Depletion of circulating leukocytes by RP-3 significantly attenuated the microvessel perfusion impairment and reduced the volume of ischemic brain injury. (Keio J Med 45 (3): 248-253, September 1996) 
Introduction
It is becoming increasingly clear that inflammatory mediators acting at the blood-endothelial interface par ticipate in progressive brain damage in acute stroke.1 Brain injury arising from the interaction of multiple mediators at the blood-endothelial interface during acute ischemia has been termed "blood-damaged tissue inter action"2 and leukocytes appear to have a multifaceted role in this process.3 Activated leukocytes are large, stiff, viscoelastic cells that can adhere to endothelium, obstruct capillaries in an ischemic injury zone and increase dif fusion distances for oxygen within the microenvironment of individual neurons . 4 
Methods
Adult (300-350g) male SHR were anesthetized with halothane in nitrous oxide; oxygen (70:30). One femoral artery was cannulated to obtain blood samples for white blood cell counts. A baseline blood sample was collected, then the surgical site was closed. Either RP-3 antibody or saline was administered i. p. Anesthetics were with drawn and rats returned to home cage.
Four hours following antibody/saline administration, under halothane anesthesia, the left middle cerebral artery was permanently occluded by electrocoagulation between the olfactory tract and the inferior cerebral vein. For sham-operated controls, the middle cerebral artery was exposed but not occluded. Following surgery, anesthetics were once again withdrawn. Finally, 4 hours post-MCAO, microvascular perfusion was assessed using the fluorescent tracer technique (see below) under halo thane anesthesia.
The following groups were studied; 1) saline -2ml i. p. followed by sham operation (n=3); 2) saline -2 ml i.p. followed by MCAO (n=6); 3) RP-3 antibody (murine IgM mouse ascites kindly supplied by Dr Warren Lo, Ohio State University OH, USA) 2 ml intraperitoneally (i.p.) followed by MCAO (n=5). core in neutrophil-depleted animals. Since the core region accounts for more than 80% of the lesion volume, these results accord with the 26% overall reduction in tissue injury observed after RP-3 treatment. Therefore, the sparing of nutrient perfusion may account for most of the cytoprotection observed with RP-3 treatment in this model. The mechanism by which RP-3 depletes circulating PMN's is not firmly established. Based on observations of neutrophil phagocytosis by peritoneal macrophages and a rapidly detectable decline in circulating leukocytes after RP-3, antibody coating of nuetrophils leading, re spectively,to phagocytosis and transfer to the marginating pool have been proposed as mechanisms for neutrophil depletion by Although the theoretical arguments presented in the introduction suggest that most of the techniques used heretofore to assess microcirculatory patency are subject to experimental artifact and should be interpreted with caution, our results are in general agreement with the earlier studies of Del Zoppo5 and Garcia22 that demon strate obstruction of the brain microcirculation after ischemia and implicate leukocytes in that process. Our results, somewhat paradoxically, differ from the findings of Kuschinsky's group 30 in that they found only infrequent, widely scattered foci of impaired capillary filling in the Sprague-Dawley rat 1 hour after MCA occlusion, which stands in marked contrast to the profound reduction in local cerebral blood flow measured in the MCA distri bution in the same animals. Two factors that could account for this discrepancy are; 1) we studied a strain of rat (SHR) in which acute ischemia was superimposed on a chronic vasculopathy secondary to chronic hypertension in contrast to a strain (Sprague-Dawley) that is free of stroke-risk factors and 2) we used a 4-hour time point instead of a 1-hour time point to assess the patency of brain capillaries. In a previous study investigating the time course for the development of microcirculatory perfusion changes after MCA occlusion in SHR (sub mitted), filling defects were prevalent at 5 minutes, decreased substantially by 1 hour, but then increased to become prominent by 4 hours post-MCAO. The second ary deterioration of microvascular perfusion would not be detected at the 1 hour time point.
In conclusion, RP-3 significantly attenuated impair ments in microcirculatory perfusion following MCAO and reduced tissue injury. These results provide further support for the hypothesis that leukocytes, and PMN's in particular, are involved in the pathogenesis of focal ischemic injury and can profoundly influence micro circulatory function. Hallenbeck: Possible sources of TNF-a would include monocytes, PMNL, macrophages, astrocytes, and microglial cells. We did not measure the TNF-a production after RP-3 treatment in these studies, but it would be interesting to do so.
